S1. General
All chemicals and solvents employed in the syntheses were of reagent grade and used without further purification. The FT-IR spectra were measured with a PerkinElmer Spectrum 400 FT-IR/FT-FIR Spectrometer. The following abbreviations were used to report IR bands: s = strong, m = medium, w = weak. NMR spectra were recorded using a Bruker AS500 (500 MHz, 125 MHz) instrument. Chemical shifts (δ) are reported in parts per million (ppm) and referenced internally according to solvent: D 2 O ( 1 H δ: 3.79 ppm, 13 C δ (1,4-dioxane reference): 67.2 ppm). The following abbreviation is used to report multiplicities: s = singlet.
Low resolution electrospray mass spectroscopy was performed on a Thermo Scientific LCQ fleet mass spectrometer instrument. All acid digestions were carried out in a 4748A Parr Acid Digestion Vessel.
S2. Experimental Section
2a. Synthesis of (C 4 H 12 N 2 ) (NH 4 
) 2 [Ni 3 (SO 4 ) 2 (µ 2 -F) 6 ] (H 2 5‧A)
In a 120 mL PTFE-lined vessel, nickel(II) nitrate hexahydrate (1.12 g, 4.00 mmol) was dissolved in ethylene glycol (9.2 mL, 160 mmol) under constant stirring after which sulfuric acid 98 % (0.44 mL, 8.0 mmol) was added followed by piperazine (0.688 g, 8.00 mmol) and hydrofluoric acid 40% (0.70 mL, 16 mmol). The PTFE-lined vessel was then placed in a sealed stainless steel acid digestion bomb and heated at 180°C for three days. The bomb was then cooled to room temperature over 12 hours, before opening it to collect H 2 5‧A as green rhombohedral crystals suitable for single crystal X-ray diffraction. The crystals were collected by filtration and washed several times with methanol until the supernatant became clear and then washed vigorously with water before being further characterised. 
2b. Synthesis of (C 4 H 12 N 2 )[Ni 3 (SO 4 ) 3 (µ 3 -F) 2 (H 2 O) 2 ] (H 2 5‧B)
The procedure was identical to the synthesis of H 2 5‧A except the quantity of nickel(II) nitrate hexahydrate was halved (0.562 g, 2.00 mmol). Upon opening the acid digestion bomb yellow plate like crystals suitable for single crystal X-ray diffraction were collected from the brown monophasic mother liquor.
S3. Single Crystal X-ray Diffraction
Single crystal X-ray data of H 2 5‧A and H 2 5‧B were collected at 100(2) K using an XtaLAB Synergy, Dualflex, Pilatus 300K diffractometer operating with graphite monochromated Mo-Kα radiation (0.71073 Å) with ω and ѱ scans generated from micro-focus tubes. All data collected were integrated and reduced using the software package CrysAlisPro. 1 Subsequent solution, refinement and manipulations were performed on the Olex2 software package 2 and structures were solved by intrinsic phasing using SHELXT 3 followed by refinement with SHELXL. 4 Crystallographic data is summarised in Table S1. The piperazinium cation in Ais twelve-fold disordered across a special position and was modelled using a rigid-body and (also see AYUPAL) shown in Figure S1 . Figure S3 : Representation of part of the crystal structure of H 2 5‧B. Figure S4 . Representation of the anionic two-dimensional sheets in the crystal structure of H 2 5‧B.
S4. Computational methods
Enthalpies of reaction (H) for the hypothetical formation of diazacubane were initially calculated at the M06-2X level of density functional theory, 5 with Grimme's D3 empirical dispersion correction, 6 and the Def2TZVPP basis set. 7, 8 Geometries were optimised in the gas phase, with frequency calculations conducted in order to determine that the structures were minima (0 imaginary frequencies in all instances). To ensure the validity of the results, coordinates where then reoptimized using the high-accuracy CBS-QB3 composite method. 9 All calculations were conducted with Gaussian16, Rev A03. 10
Data is reported as follows, all energies are in Hartrees: 
